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(57)Abstract: 

PROBLEM TO BE SOLVED: To provide performance which Is Improved in electric surgical blood 
vessel blockage and in tissue binding by reducing thermal propagation and charring. 
SOLUTION: A generator for electric surgical operation has an output power control system 10 or 
increasing and decreasing the impedance of a tissue 14 in a circulatory pattern until the tissue 
14 is dried. Further, the output power is cyclically applied by the control system 10 having feed- 
back for the impedance of the tissue which obeys the circulatory pattern of the output power by 
several times, depending upon a condition of the tissue until the tissue is completely dried. 
Application of a high power causes the impedance of the tissue to reach a high value, and then, 
the power Is reduced so as to allow the impedance to lower. Accordingly, this control system 10 
is adaptive to the tissue in view of such a fact that the output power is tuned in response to an 
impedance of the tissue. 
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J. Title of Invention 

ELECTROSURG ICAL G ENERATOR W IT H ADAPTIVE POV y ER CONT ROL 
2. Claims 

1. An electrosuigical generator for applying output porwer to a load having an electrical 
impedance, the output power having an RMS value, the electrosurgica] gentler comprising: 

an impedance measurement circuit (15) electrically connected to the load for producing 
a measure indicative of the electrical impedance; 

an RF output stage connected to the load for applying output power to the load, the RF 
output stage (13) having an input for adjusting the RMS value; 

a controller dectrtcaDy connected^ the measurement circuit and electrically connected 
to the input, i^ierein the controller has means for inducing multiple oscillations of the electrical 
impedance by adjusting the input in re^xmse to the measure. 

2. The apparatus of claim I wherein the multiple oscillations of the impedance occur in 
the frequency range of one to twenty hertz and wherein die output power has an amplitude, and the 
input adjusts the amplitude and wherein the output power has a duty cycle* and the input adjusts the 
duty cycle and v^rein the controller (12) has means for terminating the output ]>ower when the 
impedance reaches a ffareshold or the output power afier a preset period of time. 

3. The apparatus of claim 1 wherein the output power is comprised of an output voltage; 
and the input adjusts the output voltage. 

4. An dectrosurgical generator for treating tissue (14), the electrosurgical generator 
dcctrically connected ia a circuit with the tissue for applying output power to the tissue from an output 
stage (13), the tissue presenting a variable impedance to the output pow^, the electrosurgical generator 
comprisuig: 

an in^iedance measuring circuit electrically connected in circuit with the tissue (14) for 
producing a measure of the variable impedance; 

a feedback contrcd system in the electrosurgical generator for adjusting the output 
power, the feedback control system connected to the impo^lancc measuring circuit and connected to fhc 
ouQ>ut stage (13) for cydicaDy changii^ the output power in response to the measure to cause the 
variable impedance to cyclically rise and fall. 

5. A method for automatically controlling electrosurgica] output power across a load, the 
load having a variable impedance, the method comprising the steps of: 

generating electrosurgical output power, the output power having an RMS value; ■ 
connecting die output power across the load; * 
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producing a measure of the variable impedance; 

cootroDing the ou^nit power in respcmsc to the measure by cyclically raising and 
kwering the RMS value at a frequency of one to twenty hertz.Mi^ieiein the measure follows the RMS 
value. 

6. The method of claim 5 wherein the output power is comprised of an output voltage^ the 
method further comprising the step of: 

raising and lowering the RMS value by raising and lowering the output voltage. 

7. The method of daim 6 further comprising the step of raising and lowerii^ the output 
voltage in a range between zero votts and ISO volts. 

8. The method of claim 5 further comprising the step of terminating the output power 
when the variable impedance rises above a threshold. 

9. The method of claim 5 further comprisii^ the step of temiinating the output power 
after a preset period of time. 

10. A mediod for automatically controlling output power from an electrosuigical generator 
across a load» the load having a variable impedance, the load having a thermal bandwidth, the method 
comprising the steps of: 

generating electrosurgical output power, the output power haviag an RMS vahie; 
connecting the output power across the load; 
producing a measure of the variable impedance; 

CGRtrolling the output power by rqjeatedly raising and lowering the RMS value in 
response to the measure, the raisiog and lowering occurring repeatedly with a fiwinency, wherein the 
frequency is within the thermal bandwidth. 
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3. Detailed Descciptlon of Invention 
Field of the Invention 

Hie piesent invention idates to an dcsctrosiusrcal generator with an adaptive power control, 
and more particulariy to an electmsui^jcal generator that controls the ou^ut power in a manner thai 
causes in^sedance of tissue to rise and &I1 cyclically until ihc tissue is completely desiccated. 

Background of the Disclosure 

Electrosuigical generatm are used by surgeons to cut and ooagiifate tissue of a patient. 
Hj^ frequency electrical power is produced hy ctoctios uf gical genenoor and applied to the 
surgical site by an electrosuigical tool. Monopolar and bipolar configurations are oommoa in 
electrosurgical piocedures. 

Elcctrosurgical generators are typically comprised of power supply circuits, fiont panel 
inter&oe circuits, and RP ouQiut stage circuits. Many dectncal designs ibr electnosuigical 
generates are known in the fiekL In certain doctzDsurgical generator designs, the RF output stagp 
can be adjusted to control the RMS ouq>at power. The mediods of connolliqg the RF oatpat stage 
may comprise changing die doty cycle, or chai^ging the amplitude of the cfriving signal to die RF 

OUtputstage. The melhod of cnntmlling the RF niitpirt jgfaige w rfescnhefi Iv-retn ag rKanging ftn inpiit: 

to the RF output stage. 

Etectrosuigica] techniques have been used to seal small diameter blood vessels and vascular 
bundles. Another application of electrosurgical energy is tissue welding. In this applicaticxi, two 
layers of tissue are grasped and clampod together while electrosuigical power is applied. The two 
layers are theretsy welded together. Tissue wdding is similar to vessel sealing, excqst that a vessel or 
duct is not necessarily sealed in this process. For ercample, tissue wekfing may be used instead of 
staples for suigical anastcmiosis. Eloctrosurgical power has a desiocaling eSect on tissue during 
tissue welding or vessel sealing. As used herein, the temi ^'dectrosuigical desiccatioo*' is meant to 
encompass any tissue desiccation procedure, including standanl dectiosQigical coagulation, 
deskxaticHi, vessel seaiiog. and tissue welding. 

One of the problems associated with dectrosuigical desiccation is undesirable tissue 
damage due to themial eficcts. The tissue at the operative site is heated by the electrosurgical 
cuiToit, Heahhy tissue adjacent to the operative site can become thermally damaged if too mudb 
heat is allowed to build up at the operative site. The heat may conduct to the adjacent tissue and 
cause a laige region of tissue necrosis. This is known as tfacraial spread. The problem of diennal 
spread becomes important when dectiosuigical tools am used in close proximity to dfiic^tf. 
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anaiomical structures. Therefore, an dcctrosuiBical generator thai reduced Ae possibility of thamal 
spread would c^er a better oppoitunity fat a suocessfiil 5uf:gjcal outcome. 

Aiiother pfoblcm thai b associated vvhfa electros^ 
the suigtcal txxA. Eschar is a deposit on an electrosurgical tool that is created fiom tissue that is 
desiccated and then charred by heat The surgical tools will often lose effectiveness when they are 
coated with eschar. The buildup of eschar could be reduced when less heat is developed at the 
operative site. 

Piactitiorm have known that a measurement of electrical impedance of tissue is a good 
indication of the state of desiccation of the tissue. Several ccmunereially available ebctrosuipcal 
generators can automatically terminate output power based on a measurement of impedance. 
Several methods for determining the c^timal point of desiccation are known in the field One m^hod 
sets a threshold impedance, and tcmiinatcs povwr once the measured impedance of the tissue crosses 
the threshold. Another meAod terminates power based on dynamic variations in the in:^)edancc. 

A discussion of the dynamic variations of in^pedance of tissue can be found in the anicle, 
Vailfoi^ and Beigdahl, "Automatically Controlled Bipolar Electrocoagulation,'* Neurosurgical 
Review . 7:2-3, pp. 187-190, 19S4. Figure 2 In the Yallfors article shows impedance as a function of 
time during heating of tissue. Valifors reports that the impedance value of tissue proved to be close 
to minimal at 4e moment of coagulaticm. Based on this observation, Valifors suggests a micro- 
computer technique for monitoring the minimum impedance and subsequendy terminating output 
power to avoid diarring tfie tissue. 

A second article by Beigdahl and Vallfois, "Studies on Coagulation and the Development 
of an Automatic Computerized Bipolar Coagulator," Journal of Neurosurgery. 75 :1, 148-151, July 
1991 , discusses the impedance behavior of tissue and its application to electrosuigica] vessel sealing. 
The Bergdahl article reported that the impedance had a minimum value at the mament of 
coagulation. The Beigdahl article also Parted that it was not possible to coagulate saiely arteries 
with a diamet^ larger than 2 to 2.5 nullimet»s. Tlse present invention helps to overcome this 
limitation by enabling electrosurgical vessel sealing of larger diameter vessels. 

U.S. Patent 5,540,684 discloses a method and apparatus for dectrosurgically treatir^ tissue 
in a manner similar to the disclosures of Valifors and Bergdahl. The *684 patent addresses the 
problem associated with turning ofif the RF output automaticaUy aitcr the tbsue impedance has 
reached a minimum value. A storage device records maximum and minimum impedance ^ues, and 
an algorithm computes an optinial time for terminating output power. 

U.S. Paieiii 4,191,188 discbses a variable crest &ctor electrosurgical generator. The crest 
&ctor is discbsed to be associated with the coagulation efibcdveness of the etectrosurgica] 
wavefoirii. 
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U.S. Patent 5,472,443 discloses Ac variation of tissue in^)edance vrtfh temperature. The 
impedance of tissue is shown to fell, andlfasn subseciuently rise as the temperature is increased. The 
'443 patent shows a relatively lowet temperature region (Region A in Figure 2) where salts, 
contained within the body fluids, arc belicvod to dissociate, thereby decreasing the electrical 
impedance. The relatively next higter t anp eraDire region (K^on B) is where the water in the 
tissues boils away, causing the impedance to rise. The rdatively highest r^on (Region C) is where 
the tissue becomes charred, resuhing in a slight lowcnng of impedance. 

It would be desirable to have an electrosuigical generator that produced a clinically efifecdvc 
output and, in addition, reduced the amount ofheat and thennal spread at the operative It would 
also be desirable to have an dectiosuigical generator that pioduced a better quality seal for vessd 
sealing and tissue weldix^ operations. It would also be desirable to have an electrosuigica! generator 
that dcsicceiled tissue by applying a minimal amount of electrosuigical cneigy. 

SUMMARY OF THE DWENTION 

The present invention relates to an electrosuiigical generator having an improved output 
power contjoller for increasing the quality and reliability (rf'electrosurgically sealing vessek, sealing 
ducts, welding and desiccating tissue. In particular, the output power is controlled in a manner 4iat 
causes impedance of tissue to rise and ^ repeatedly until the tissue is completely desiccated. The 
output power and the tissue impedance are bod) part of a control system \s^ierem the output power is 
cycled to thereby cause a cyc}aig of the tissue impedance. A basis for this inventioa is an 
e?q9ainiental ot^s^vation that the etectrica] impedance of tissue will usually rise when eloctrosurgical 
power is applied, and the electrical impedance of tissue will usually Ml wiien the electrosuigica] 
power is reduced or terminated. Presently availabfe electrosiirgical generators will monitor the rising 
imp&dancG of tissue as power is applied. However, the applicant is the' first to design an 
ekctxosurgical generator widi a power control system thai actively cause the impedance of die tissue 
to rise and fiUl r^Katedly until the tissue is desiccated, and thereby achieve beneficial surgical 
effects. 

The application of electrosurgical power is known to cause the impedance of tissue to &1] to 
a local minimum and then rise monotonically thereafter. If the electrosurgical power is applied for 
too long, the tissue may char and stick to the electrode. Whereas prior designs terminated output 
power after the first local minimum in the impedance measurement, die present invention actively 
causes several local impedaoce minima to occur. Power can be tenninated in the present invention 
based on an impedance limit, a time limit, or based on the responsiveness of fte tissue to changes in 
output power fiom the generator. 
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An advantage of the present inventicm is that it can coagulate tksue witii a reduced level of 
tissue charring. Another benefit of die present invention is that it has improved tissue sealiiig 
characteristics. Yet anodier benefit of the present invention is that it reduces therma] spread and 
ther^ reduces damage to adjacent tissue. Yet another advantage of the present invention is that rt 
reduces the tendency for eschar buildup on the electrosuigicaJ tool. Yet another advantage of the 
present invention is that large vessels and ducts can be dectrosurgically sealed. 

It is thoi^ht that impedance of tissue can rise and &11 depending on several iauOtxs, 
induding ouQnit power, output vohage, ouQnit oinent. tcnperatuie, and pressure on the tissue 
exerted by surreal graspers. The present itrvention addresses changes in impedance of tissue that 
can be attribirted to electrosurgical power application, wherein the powo* can be acQusted by 
changing the output voftage or the ou^ut current The present invendon causes the tissue impedance 
to rise arxl £ill repeatedly until the tissue is completely desiccated. The present invention adjusts the 
output power in a irianncr that is liasod on fedback fiom a tissue impedance rneasurerne^ 

According to the present invention, the inq;)edance of the tissue rises and &lls in response to 
relatively low fiequency cycling of die electrosurgical power. Tlie electrosurgical power is raised 
and lowered (also referenced herein as "cycled") at a rdativcly low frequency, and the impedance of 
the tissue is thereby caused to rise and &U at approximately the same frequency until the tissue 
becomes desiccated. The manner in which the electrosuigicaJ power is raised and lowered may be 
accomplished in several ways which inooiporate well known principles of control system design. 

The fiequency of power cycling in the present invendon is different fixsn the RF modulatioa 
firequency of the dectrosurgical waveforms, which are typically in die rar^e of one hundred kilcdiertz 
to one m^ahertz. The frequency of power cycling of the present invention is also dififerent frtMn the 
duty cycle of generators that causes a coagulation effea on tissue, which is typically in the frequency 
range above one thousand hertz. The frequency range of power cycling in the presoit invendon is 
typically between one and twenty hertz. Both the RF modulation and die duty cycling of present 
electrosuigical generators may occur simultaneously with the power chiding of the present invention. 

The frequency at v^ch the electrosurgica] power is raised and lowered (i.e. cyded or 
modulated) should not be too high, otherwise die impcdanx of the tissue will not be able to rise and 
&U in response with an amplitude that will produce additional benefits. Similarly, the fiequency 
should not be too bw, otherwise die beneficial aspects of the invraition will not becone apparent 
because die tissue will desiccate without any appreciable modulation. The range of effective 
frequencies of the present invention has been called "diermal bandwiddi.** 

The behavior of the tissue impedance is possibly related to die thermal time constaot of the 
tissue. There arc additional &ctors that affect the tissue impedance, including tte water contsnt in 
the tissue and steam. After the tissue is desiccated, \vhich is indicated by a high measured 
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impedance, iuither apphoatian of dectrosuigical power will cause ufkdestzable charring. Tlnis, it is 
preferred to have impedance manitorins to detoinine the appippriaCe tune for tcrminatiiig the 
eloctiDSuigical power. Iirqpedanoe monitoring is also preferred so that the modulatioii fiequency of 
the electrosurgical power be automatically adjusted and kept within the tiiemnal bandwidth. 

It is theorized by the inventor that thennal spread during electrosurgical desiccation is 
created in at least three ways. The first is through direct thennal conduction away from the 
weld site. The second is from hot steam exiting the weld site. This mechanism b perhaps far 
moi€ significant than the first, because of the steam's high mobility. The third mechanism is 
the lateral spread of current away from the weld site. It is theorized that the third mechanism is 
due to steam creating a impedance pathway between the jaws, which forces a larger 
portion of the current to flow laterally. The present invention controls the output power in a 
manner that reduces thermal spread. 

The present inventioQ is relevant to all electrosurgical generators. It has been found to be 
particularly relevant to bipolar electrosuigica] applications, as well as to electrosurgkial tissue 
welding axkl vessd scalii^ Skilled practitioacrs will recognize the value of die invention wherever 
tissue desiccation is accomplished by electrosurgical methods. 
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DETAILED DESCRIPTION OF THE INVENTION 

Tlie present invention discloses an adaptive, oscillatory power curve which is able to 
icdacc thcmia] spread in each of these areas by applying power in a cyclical lashion, rather 
than <:ontuiuonsly. Duiii^ the periods of reduced power applicaticm» thermal energy is allowed 
to dissipate which reduces direct thermal conduction. Also, the steam exits the weld site in 
smaller bursts, which produces less thermal damage than one large burst Finally, the 
impedance between the jaws of the electn»urgical instrument is kept low, which allows curroit 
to flow more directly between the jaws. 

Charring is also reduced. High voltages contribute to tissue charring, which is why it 
is preferable to limit the output voltage of the clectrosurgical generator to 120 volts, and to 
periodically reduce it to a lower value during power cycling. A relatively low voltage is also 
important because it prevents electrical sparics, or arcs, finom passing through the tissue and 
burning small holes in the newly scaled, or welded, tissue. 

The transparency, or clarity, at the weld site has been identified as an indicator of 
successfid seal con^Ietion. It also gi^«s the sui^eon visual feedback as to whether the seal is a 
success. Preliminary findings indicate that this method may also increase weld site 
transparency. The reason for this is unknown, but it seems reasonable dial reduced diarring 
will allow the weld site to remain more transparent 

Referring to Figure 1. a block diz^gnunofan adaptive oscillatory power ooidiol system 10 is 
diown. The line designated by the letter A iqaresents die command input si 

10. The command input signal A is prd^rably a periodic function, and in ceitain embocfiments the 
period may vary depending on the c^aiamics of the tissue. The sigual A is lepiesentativc of the 
desired tt5si£ inpedance. A measurement of tissue impedance is represented by line B. A summing 
block 1 1 compares the command input signal A with the measured tissue impedance B to produce a 
difference signal C. The summing block 1 1 may be comprised of an electrical comparator circuit as 
is commonly known to control systems engineers. 

The difference signal C may be input to a oortfroller 12 that generates a control signal D. 
The control signal D adjusts or terminates tfse output power of the electrosuigical generator by 
chnngine the stale of the R.F. Output St^ge 13. The controller 12 may be comprised of an algoridun 
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in a micn^rocessor that deternunes die conditions for power tenninaiion based on the amplitude of 
the control signal. Aftenoativdy and equivakntly, the controller 12 may be connected direcdy to the 
measured tissue impedance B to ferminate power based cm the amplitude of the measured tissue 
impedance B. The controller 12 may be comprised of any combination of proportional, iiit^;Ral, and 
derivative control laws that are known to control system engineers. Other types of control laws, such 
as **bang-bang" contrd laws, are efiective equivalaits. 

In one embo(£meat, die command input signal A has a cyclic pattern, for example a sine 
wave or a square wave. The cydic nature of the commaiid inpnX signal A causes the control system 
10 to regulate the ou^Mt power in a cyclic manner to achieve beneficial sui^ica] effects. The 
controller 12 monitors the dificroicc signal C to detennine die rpsponsc of the ou^ut power E. In 
one embodiment^ when the difference signal C is large, and the impedance measuronent B is above a 
threshold, then ihe controller 12 terminates the ou^3ut power E. 

Tb& control signal D is preferably connected to an R.F. Ou^ut Stage 13. The control 
signal D preferably changes a driving voltage in the R.F. ou^nt stage to thereby change the RMS 
output power fiom the dectrosurgical generator, shown as line E in Figure 1. Alternatively and 
equivalently, the control signal D may diangc the duty cycle of the RF. Output Stage 13 thereby 
effectively dianging the RMS output power. Other means of changing RMS output power fiom an 
RF. Output Stage, such as changing current, are luiown to electrical engineers. 

The generator R,F. Output Stage 13 causes the dectrosuigical generator to output a power 
level E to the tissue 14 of the patient The tissue 14 becomes desiccated, thereby cfaangiqg the 
dectiical impedance, shown by F in Figure 1. The electrical impedance F of the tissue is measured 
by an impedance measurement circuit J5 and reported as the measured tissue knpodance 3. The 
impedance mcasurcmcnt circuit 15 may be any fomi of electrical circuit that measures, or estimates, 
electiical impedance. The measured tissi^ in^sedance B is preferably an electrical signal that is 
proportional to the actual tissue mipedanoe F. 

Electrical engiDeers will recQgoize that output power fiom an etectrosuigical generator can 
be adjusted in several ways. For exan^k; the amplitude of the ou^nit power can be adjusted. In 
another example, the output power can be ac^ustod by chai^gmg the duty cydc or the crest &ctor. 
The diangp or adjustment in output power, as used herein, is meant to refer any change or 
adjustment in the root mean square (RMS) value of the output power of the electrosuigical 
generator. 

In operation, the ocmtrol Sfystem 10 is designed to cycle the tissue impedance F for 
preferably several cycles in order to adueve beneficial effects. Thus» die command input signal A is 
a cydicaDy varying s^nal, such as a sine wave. An example of cydicaJ impedance behavior of 
tissue is shown in Figure J , The geneiator output power that caused the cyclical impedance 
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behavior is shown in Figure 6 - The cyclical behavior of the present invention can be contrasted 
with a standard cloctiosui^cal generator * and the 

tissue impedance is shown in Fij«^re 3. 

The present invention discloses an adaptive, oscillatory power curve which is able to 
reduce thennal spread in each of these areas by applying power in a cyclical fashion, rather 
than continuously. During the periods of reduced power appl^catior^ thermal energy is allowed 
to dissipate which reduces direct themal conduction. Also, the steam exits the weld site in 
smaller bursts, which produces less thermal damage than one large burst. FinaUy, the 
impedance between the jaws of the electrosurgica] instrument is kept low, which allows current 
to flow more directly between the jaws. 

Charring is thought to be reduced by the present invention. High voltages contribute to 
tissue charring, which is why it is preferable to limit the ou^ut voltage of the dectrosurgical 
generator to 120 volts, and to periodically reduce it to a lower value during power cycling. A 
relatively low voltage is also important because it prevents electrical sparks, or arcs, from 
passing through the tissue and burning small holes in the newly scaled, or welded, tissue. 

The transpaiency, or clarity, at the weld site has been identified as an indicator of 
successful seal completion. It also gives the surgeon visual feedback as to whether the seal is a 
success. Preliminary findings indicate that this method may also increase weld site 
transparency. The reason for this is unknown, but it seems reasonable that reduced charring 
will allow the weld site to remain more transparent. 

A plot of ou^ut power vs. load impedance is called a "power curve.** A representation 
of a standard power curve is shown in Figure ( 0 . At low impedance, the output is typically 
current limited, and this is shown as the "constant current" line segment on Figure I O . At 
midranges of impedance, the electrosurgica! generator has a power control system that 
maintains the output power at a constant level by adjusting the output voltage, as shown by the 
"constant power*' line segment on Figure I 0.. Eventually, the load impedance becomes large, 
and the output power cannot be maintamed without applying unacceptably high output 
voltages. Thus, a ventage limit is reached, and the output power drops off because tiie output 
current is falling and the output voltage is at a limit. The drop in output power is shown as the 
''constant voltage*' line segment in Figure 10 . 

The present invention is related to an electrosurgical generator having an adaptive 
oscillatory power curve as shown in Figure 1 I . The adaptive oscillatory power curve is 
produced by a power control system in the electrosurgical generator. The design details of the 
control system can be implemented in several ways which are well known to control system 
engineers. 
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The first part of the adaptive oscillatory power curve, shown at the line segment I in 
Figure 1 ( , is similar to the standard power curve, wherein the generator applies hi^ current 
into a low tn^;3edance load until a maximum power limit, shown as A, is reached. In the next 
"leg" of the power curve;, shown by line segment B, ou^ut current begins to fall, and output 
voltage begins to rise as the generator adjusts Ae output voltage to maintain constant output 
power at the level marked by A. The generator then begins looking for signs to indicate the 
onset of boiling in the tissue. Such signs include a very rapid rise in impedance, or a high value 
of voltage, such as 120 volts. The local maximum of the impedance curve is shown by letter K 
in Figure I f : The dotted line, marked C and labeled V^llO V, shows the possible output 
power if the generator were to maintain a voltage limit of 120 volts, which is a prefened 
voltage limit. Rather than follow the V=120 V line, a controller in the generator drops the 
output power. This can be accomplished, in one embodiment, by dropping the output voltage 
limit to between zero and 70 volts, and preferably 50 volts, as shown in line segment D. In 
another embodiment of the control system, the output power can be reduced by other 
combinadons of output current reduction and/or output voltage reduction. 

As a consequence of the lower voltage limit, the output power drc^s to the level 
indicated by H in Figure I t . In certain embodiments, H may be zero watts. At this lower 
ou^ut power, desiccation stops and the tissue impedance starts to fall. A preferred lower 
voltage limit of 50 volts may be used as shown by dotted line E aiKl marked *'V=50 volts". 
Once the impedance has reached a local minimum, shown by J, or after a set period of time, the 
power control system raises the output power back to level A, which corresponds to an output 
volta^ limit of 120 volts in the preferred embodiment. Thus, the output power rises back to 
level A, and the impedance rises again, until the onset of boiling or an impedance threshold is 
reached. The cyclical portion of the power curve incorporating line segments B, D, and £ is an 
important part of this iiiventi(»i and wfll continue until the tissue is desiccated. When the tissue 
is deskxated, the power will terminate as shown when impedance reaches point L. In certain 
embodiments, point L will be substantially the same as point K. 

The behavior shown in Figure t J can be observed in Figurej 6 , T , 8 and 
^ , Power oscillations between 120 watts and 20 watts in Figure b correspond to cyclical 
movement between power level A and power Icvd H in Figure 1 U Impedance oscillations in 
Figure T correspond lo cyclical movement betweaa impedance level K and impedance level J 
in Figure I / . It will be understood by control systems engineers that Figure f 1; is highly 
idcalizx^ and the cyclical behavior may not always reach exaaly the same local maxima and 
minima. This can be observed in Figure 6 . where the local maxima of the power curve may 
not always reach 120 volts. 



(25) ^mW- 1 0-28626 1 



It is theorized by the inventor that the following phenomena occur. The initial high 
output power initiates boiling in the tissues. The subsequent low output power is insufiBcient to 
maintain boiling, and hence boiling in the tissue stops. After boiling stops, if the tissue is ooi 
completely desiccated then the impedance will h\l to a lower value. Next, the low impedance 
allows output power to increase^ which re-heats the tissue to the point of boiling. The voltage 
is also pulled higher during the process, and remains so until die power curve can sense the 
onset of boilii^ and lower the voltage, preferably back to 50 voks. The process c(»tinucs 
until the tissue is fully desiccated. An oscillation is one cycle of high output power followed by 
low output power. 

Figures 2 i through 5\ sl^ow experimental results on tissue samples using a standard 
power curve. Figures 6 through 9 show experimental results using an adaptive 
oscillatory power curve. The general nature of the invention can be seen by comparing Figure 
P with Figure 6> . Figure 2 shows a 100 watt electrosurgical output that is applied 
continuously to tissue. As the tissue desiccates, the impedance of the tissue rises and tbe 
output power in Figure 2. is seen to fall off below 20 watts. In contrast, Fignre '6 shows 
an oscillating output power that varies from approximately 100 watts to approximately 20 
watts. The effects on tissue impedance can be seen by comparing Figure .3 with Figure 7 > 
The tissue impedance resulting from the standard power curve is shown to continuously 
increase in Figure 3 perhaps after an tm'tial drop. The tissue impedance resulting from the 
adaptive oscillatory power curve is shown to osdllate in Figure and tinis has several local 
minima. 

Output voltage and output current show a cyclic behavior in the adaptive oscillatory 
power curve. The cyclic behavior is absent in the standard power curve. Figures '4 ^ and 8 
can be compared to show the difference in output current between the standard power curve 
and the adaptive oscillatory power curve. In each case the maximum output curreat rises 
above 2 amps RMS. Figures 5 ^ 3^ 7 can be ccvnpaied to show the difference in output 
voltage between the standard power curve and the adaptive oscillatory power curve. A voltage 
limit, preferably in each case 120 volts, prevents arcing that might leave pinholes in the tissue 
seal. 

In one embodiment of the adaptive oscillatory power curve, the generator temporarily 
lowers the output voltage Ihnit to 50 vofts whoever the output voltage reaches 120 vohs. This 
causes a reduction in output power, and if the tissue is not completely desiccated, a 
corresponding significant reduction in tissue impedance. After the reduction in tissue 
impedance, the output voltage limit is reset to 120 volts, allowing a rise in output power. This 
reduction and subsequent rise in ou^ut power constitutes a cycle. 
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Designere of elcctrosuiBical generators have found that impedance is a good indicator of the 
desiccation state of the tissue. However, skilled aitisans will recognize that it may not be necessaiy 
to con^wte an exact value ibr tnii>edanoe. An electncaJ measurement that is proportional to flie 
tissue impedance can be used as a iiincdona] equivalenx. In one embodiment, the control system can 
properly create ihe adaptive oscillatDiy power curve based on measuiemeats of time, and output 
voltage. 

Table 1 shows a ccwnparison between two sets of tests which compare a standard 
power curve with an adaptive oscillatory power curve. Test 1 indicates use of the standard 
power curve, while Test 2 indicates the use of the adaptive oscillatory power curve. Size 
indicates the vessel diameter in millimeters, burst pressures are measured in p.s.i., sticking, 
charring, and c!arity are subjective measures ranked from 0 to 3, (where 0 represents a low 
value for sticking and charring, and 0 represents a poor value for clarity), and ts indicates 
thermal spread, measured in millimeters. 



Table 1. Comparison of Standard Power Curve with Adaptive Power Curve 



Test 


Samples 


size 


bp 


stick 


charring 


clarity 


ts 


1 (mean) 


19 


2,57 


17.26 


.63 


1.11 


1.89 


2.11 


1<SD) 




1.35 


1.04 


.76 


.SI 


J.29 


.74 


1 (min) 




1 


12.96 










1 (max) 




6 


17.50 


























2 (mean) 


20 


2.55 


17,39 


.80 


.60 


1.95 


1.65 


2(SD) 




1.36 


.44 


1.06 


.60 


1.36 


.81 


2 (min) 




1 


15.52 










2 (max) 




5 


17.50 











Tabic 1 illustrates that the adaptive oscillatory power curve (Test 2) has several 
advantages over the standard power curve (Test 1). Most notable is the lower ajnount of 
thermal spread: a mean value of 2. 11 nun for the standard power curve, and L65nun for ifae 
adaptive oscillatory power curve. The subjective measures for sticking, charring, and clarity of 
the weld show that the adaptive oscillatOTy power curve offer improvements over the standard 
power curve. 

In general, the invention is an cloctrosurgical generator for treating tissue, wherein the 
eleclrosurgical generator comprises a circuit for generating a measurement of the load 
impedance, and an output power controller having means for inducing multiple oscillations of 
the load impedance in response to the measurement. The load impedance, refers to the 
impedance of the tissue being treated by the electrosurgical generator. The circuit for 
generating a measurement of the load impedance can be analog or digital, and typically requires 
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an output voltage sensor and an output current sensor. The output voltage is divided by the 
output current to compute a measurement of load impedance. 

The means for inducing multiple oscillations of the load impedance preferably 
comprises a control system which can selectively control the output voltage to cause 
appropriate oscillations of the output power. In many electrosurgical generators, an output 
power control circuit has an adjustable voltage supply connected to the primary side of an 
iscrfation transfonner The secondary winding of the tnmsformer is connected to an ou^vt 
resonant circuit. The voltage supply has an adjuster for changing the voltage to the 
transformer, and thereby changing the output voltage of the dectrosuigical generator. A digital 
signal may be used to control the voltage supply. 

The means for inducing multiple oscillations preferably comprise a feedback control 
system, where the feedback is a measurement of the load impedance. The control system 
preferably includes an algorithm in a microprocessor. The algorithm in the microprocessor can 
monitor the load impedance and determine how the load impedance is responding to a change in 
the ou^ut power. 

In the preferred embodiment, the control system sets an output voltage limit of 120 
volts RMS, and then controls the output power to a user desired setting, for example 100 watts. 
When the impedance is relatively low, a high current will combine with an output voltage of 
less than 120 volts to yield the desired power of 100 watts. As the impedance rises, the output 
currrait will &1I, and the ou^ut voltage will be increased by the circuit to maintain the desired 
output power. When the voltage limit of 120 volts is reached, the control system will 
automatically lower the output voltage to a low value, preferably 50 volts. This efiectively 
lowers the output power. If the tissue is not completely desiccated, the lower output power will 
cause the impedance to drop significantly. Once a local impedance minimum is detected, or 
after a set period of time, the output voltage limit is reset to 120 volts by the control system, 
and the cycle repeats. It has been found through experimentation that the oscillations of the 
load impedance will occur in the frequency range of one to twenty hertz, and this range has 
been referred to herein as the thermal bandwidth. In one embodiment, the control systOTi 
terminates the output power after a set period of time which was three seconds. Alternatively, 
the control system can terminate power when the impedance reaches a threshold of 2000 ohms. 
Another ahcmative is to terminate output power when the measurement of impedance indicates 
that the impedance does not substantially fall in response to a drop in the output power. 

The present invention is applicable to any form of elcctrosuigica] coagulation. The benefits 
of the piesent invention, including reduced thennal spread, less eschar buildup, and improved 
desiccatioo, can be allied to both monopolar and bipolar electrosurgical generator outputs. While a 

particular preferred embodiment has been illustrated and described, the scope of protection sought is 
in the daims that follow. 
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4, Brief Description of Drawinys 

Figure 1 is a block diagram rcpresentatioii of an adaptive oscillatoiy power curve 
according to the present invention. 

Figguie 2 is a sample of experimental data for a standard vessel sealing operation, 
showing output power as function of time. 

Figure 3 is a sample of experimental data for a standard vessel sealing operatiaD* 
showing load impedance as a fimcdon of time. 

Figure 4 is a sample of experimental data for a standard vessel sealing operaticBi, 
showing output current as a fimction of time. 

Figure 5 is a sampfe of experinnental data for a standard vessel sealing operation, 
showing output voltage as a fiinction of time. 

Figure 6 is a sample of expemnental data for an adaptive power control generator, 
showing output power as fimcdon of time. 

Figure 7 is a sample of experimental data for an adaptive power ccxdiol generator, 
siiowing load impedance as a fimction of time. 

Figure 8 b a sample of exp eri mental data for an adaptive power oontzol generator, 
blowing output cunem as a fimcdon of time. 

Figure 9. - is a sample of experimental data for an adaptive power control generator, 
showing output vohagie as a fimcdon of time. 

Figure I 0 is a representation of apower curve for a statKlard electrosurgica] generator. 
Figure 1 I is a representation of an adaptive oscillatoiy power curve. 
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1 . Abstract 

An electrosur^cal generator has an output power control system (10) that causes the 
impectence of tissue (14) to rise and ^1 in a cyclic pattern until the tissue (14) is desiccated. The 
advantage of the power control system (10) is that thermal spread and charring are reduced. In 
addition, the power control system (10) offers improved performance for electrosurgical vessel sealing 
and tissue wetding. The output power is applied cyclically by a control system with tissue impedance 
feedback. The impedance of the tissue follows the cyclic pattern of the output power several times, 
depending on die state of the tissue (14), until the tissue becomes fully desiccated. High power is 
applied to cause the tissue (14) to reach a high impedance, and then the power is reduced to allow the 
impedance to fell. ThcnnaJ energy is allowed to dissipate during the low ppwcr cycle. The control 
system is adaptive to tissue in the sense that output power is modulated in response to the impedance of 
the tissue. 

2. Bepresentative Drawiaa 



